Background: Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is the leading cause of rapidly progressive glomerulonephritis, which may follow an unfavorable disease course. Despite therapeutic advances, a number of patients with AAV will eventually develop end-stage renal disease (ESRD). Renal transplantation (RTx) is associated with a survival benefit and improves quality of life in patients with ESRD. Summary: In recent years, RTx has been increasingly used also in patients with vasculitis. The posttransplant patient-and graft-survival rates in AAV were at least comparable to other diagnoses in most studies. Prior to transplantation, patients should be in stable remission for 12 months. Persistent ANCA positivity does not exclude patients from the waiting list. Even though the recurrence risk is generally low with modern posttransplant immunosuppression, including mycophenolate mofetil and tacrolimus, patients with AAV, particularly those with positive antiproteinase-3 ANCA who may have increased risk of relapse or recurrence of the disease, require constant surveillance. Similar to treatment of relapsing disease in the nontransplant setting, rituximab may become treatment of choice for posttransplant recurrences. Key Messages: RTx is the preferred renal replacement therapy of choice for AAV patients with ESRD. It is recommended that patients should be in remission for about 12 months prior to proceeding with RTx. ANCA positivity alone is not a contraindication for transplantation. The risk of relapse posttransplantation is minimal with currently used posttransplant immunosuppressive regimen.
Introduction
Antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitides (AAV) are a group of systemic autoimmune diseases characterized by necrotizing inflammation of (predominantly) small blood vessels. The group includes granulomatosis with polyangiitis (GPA, formerly Wegener's), microscopic polyangiitis (MPA), and eosinophilic GPA (formerly Churg-Strauss disease) [1] . As the name suggests, the diseases (particularly GPA and MPA) are closely associated with the presence of circulating Anti-ANCA that are frequently used as a diagnostic tool and are directed either against proteinase 3 (PR3-ANCA, more common in GPA) or myeloperoxidase (MPO-ANCA, more common in MPA) [1] .
The diseases can afflict almost any organ in human body, but the classical triad described especially in GPA includes the involvement of ear-nose-throat organs, lungs, and the kidney. A "pauci-immune" (with few or no immune deposits) necrotizing crescentic rapidly progressive glomerulonephritis (RPGN) is the hallmark of renal disease in AAV, and AAV has been recognized as the most frequent cause of rapidly RPGN [2] . Renal disease in AAV is common, occurring in over 80% of patients during the disease course and may lead to endstage renal disease (ESRD), either as a direct consequence of RPGN, chronic smoldering renal disease, or hemodynamically mediated progression not related to the activity of the disease [3, 4] .
In the past, generalized AAV followed an unfavorable disease course with 1-year mortality as high as 80-90%. Treatment advances based on randomized controlled trials have improved the outcomes of AAV, but the overall mortality remains higher compared to general agematched population [5, 6] . Moreover, the quality of life is impaired in AAV, and the patients frequently accrue significant damage, stemming from the vasculitis process itself (e.g., lung fibrosis, ESRD), side effects of administered treatment (e.g., infections, osteoporosis), and worsening of preexisting comorbidities (e.g., hypertension, obesity) [7, 8] . The disease course is further negatively influenced by frequent relapses, observed particularly in PR3-ANCApositive patients [9] and leading to increased burden of immunosuppression.
ESRD remains a significant problem in the management of AAV, negatively influencing patient's outcome, with about 20-25% of patients with AAV reaching ESRD within a few years after diagnosis [3] . This review aims to provide an up-to-date overview of the current perspectives on the treatment and outcomes of patients with AAV reaching ESRD and focuses on the aspects of renal transplantation (RTx) in this disease.
Outcome of Patients with AAV after Kidney Transplantation
ESRD in patients with AAV has uniformly accounted for about 1% of all cases of ESRD in 3 recent reports from large registries from different parts of the world [10] [11] [12] , but the number is estimated to be higher as some patients with AAV requiring dialysis are likely to remain undiagnosed, particularly those with renal-limited disease [13] . The overall mortality of AAV patients requiring dialysis has been reported to be generally similar to nondiabetic dialysis population in most retrospective as well as registry-based studies [2, [10] [11] [12] [14] [15] [16] .
RTx is the preferred renal replacement therapy of choice for patients with ESRD as it improves quality of life and provides survival benefit and should be regarded as such also in patients with AAV. The survival benefit of RTx in AAV was demonstrated relatively long ago [15] , even though the transplanted patients are usually younger and "healthier" than those remaining on dialysis, and direct comparison is therefore difficult. In a more recent study, including only wait-listed patients with GPA, receiving a kidney transplant was shown to largely reduce the risk of death, in particular due to cardiovascular disease [17] . Similarly, while survival on renal replacement therapy did not differ between patients with AAV and age and sex-matched group of patients with nondiabetic cause of renal failure in a report from the ERA-EDTA Registry, patient-and graft survival of patients after transplantation was better in AAV than in other nondiabetic diagnoses [12] .
The outcomes after RTx in AAV patients have been reported in a number of single-center and multicenter cohorts and register-based studies, each including 20-127 patients [10, 15, [18] [19] [20] [21] [22] [23] [24] [25] . The studies have been reviewed in detail before [13, 26] . In brief, both patient-and graft-survival rates in AAV were at least as good as those of the control populations of nondiabetic patients and comparable with the data on survival available in large transplant registries. Only Tang et al. [10] reported on a worse patient-and graft survival in MPA patients compared to non-AAV patients in a study from the Australian and New Zealand Dialysis and Transplant Registry, but the reasons for this observation are not clear. The 5-year patient survival after transplantation ranged between 77 and 96%, and the 5-year graft survival between 60 and 100%, with an increasing trend observed in the most recent reports. Interestingly, among transplanted patients with different types of glomerulonephritis, vasculitis was shown to have the lowest graft failure rates [27] . Taken together, the outcome data support the use of RTx in AAV.
Timing of RTx in AAV
Case Description AB is a 28-year-old female who was referred to transplant clinic for evaluation of renal transplant candidacy. AB presented at age 26 with myalgias, arthralgias, and hemoptysis over a 1-week period. Admission laboratory data revealed acute kidney injury with serum creatinine of 5.0 mg/dL with proteinuria and hematuria on urinalysis. Her chest CT revealed ground glass infiltrates bilaterally and her bronchoscopy confirmed alveolar hemorrhage. Serologic work up revealed positive MPO-ANCA at a titer of 98 units, negative antiglomerular basement membrane antibody and negative ANA. Renal biopsy demonstrated pauci-immune necrotizing and crescentic glomerulonephritis. A diagnosis of MPO-ANCA-positive MPA was made.
She received induction therapy with oral cyclophosphamide and prednisone for 6 months and then was started on azathioprine for remission maintenance. Her renal function continued to progress and her repeat renal biopsy did not show active renal vasculitis. She reached ESRD and was started on hemodialysis. She is clinically in remission and completed 18 months of azathoprine for remission maintenance. Her MPO ANCA is negative.
Is this an Appropriate Time for Renal Transplant?
In our patient, the answer would be Yes. The optimal timing of RTx in AAV is an important point to consider. Most authors agree that the disease should be quiescent for some time before RTx is performed. Both KDIGO Guidelines for Glomerulonephritis [28] and the Canadian Society of Transplantation [29] recommend that AAV patients should be in remission for 1 year prior to performing RTx. This stems mainly from the observation made by Little et al. [21] , who demonstrated that patients transplanted < 1 year postremission had the highest risk of death with a hazard ratio of 2.3. Even though this recommendation seems easy to be followed, the definition and recognition of vasculitis remission on dialysis may not be that easy, and in clinical practice, (minor) relapses may be difficult to discern from infectious complications common in dialysis population. Furthermore, a follow-up in expert vasculitis center may be recommended even after dialysis is started, to distinguish remaining disease activity from damage (e.g., in the cases of persisting pathological imaging on chest CT) and to assist in preparing the patient for transplantation.
The question of ANCA positivity at the time of RTx is another important aspect that needs to be assessed prior to transplantation. In general population of patients with AAV, ANCA positivity per se is not always associated with disease activity, and it was shown that changes in ANCA levels may be associated with the reduction of immunosuppression rather than disease activity [30] . On the other hand, persistent ANCA positivity is a known risk factor for relapse in AAV, especially in patients with PR3-ANCA positivity. While some authors did not detect any relationship between ANCA status and relapse after RTx [18] , in other studies, the association of ANCA positivity at the time of RTx with an increased risk of relapse reached borderline significance (p = 0.05) [22] or ANCA positive recipients were not more likely to relapse but were more likely to develop severe vasculopathy in the graft [21] . Marco et al. [23] found a significant difference (p = 0.008) in relapse rates between patients with and without ANCA positivity at the time of RTx, and Geetha et al. [31] recently described that patients with PR3-ANCA were twice as likely to relapse after transplantation than MPO-ANCA positive patients.
To sum up, the KDIGO Guidelines [28] do not recommend delaying RTx because of ANCA positivity if the patient is in clinical remission, but individual approach to each patient is required and routine monitoring of ANCA levels should undoubtedly be a standard of both pre-and posttransplantation care in AAV patients. Patients with particularly increasing ANCA levels may require more frequent visits and close monitoring for signs of disease relapse/ recurrence is warranted.
Except for assessing the vasculitis activity, the evaluation of patients with AAV before enlisting them on the wait list does not differ from other non-AAV patients with ESRD. Despite the positive posttransplant outcomes reported above, the rate of wait-listing was lowest in vasculitis among all glomerulonephritides in a report from the United Network for Organ Sharing registry data, and patients with vasculitis also had lower rates of deceased donor kidney transplantation after wait-listing [32] . Similarly, in the ERA-EDTA Registry [12] , the time spent on dialysis prior to transplantation was longer in AAV than in other nondiabetes patients. While some waiting prior to transplantation in AAV may be appropriate, diseasespecific barriers to transplantation should be removed.
Relapses and Disease Recurrences after Transplantation
Case Description -Continued AB underwent a living related renal transplant in 2007. She had immediate graft function and was maintained on prednisone, mycophenolate mofetil, and tacrolimus. Her allograft function remained stable with a serum creatinine of 1.0 mg/dL, and she had no episodes of allograft rejection or recurrence of vasculitis until 2014.
What Is the Optimal Posttransplant Immunosuppression?
Posttransplant immunosuppression in AAV patients should be geared to prevent allograft rejection as well as recurrence of vasculitis. There is no consensus on the choice of induction therapy for renal transplant. Both interleukin-2 receptor antagonists and antithymocyte globulin have been used. Given increased risk of posttransplant malignancy with antithymocyte globulin, we suggest that cautious use in patients with history of malignancy and higher cumulative cyclophosphamide exposure. In the pooled analysis of transplanted AAV patients by Nachman et al. [18] , cyclosporine-based regimen did not have a protective effect compared to azathioprine and corticosteroid regimens. Observational studies have shown that the combination of mycophenolate mofetil, prednisone, and tacrolimus has decreased vasculitis relapse rates posttransplant to 5-10% with very few recurrences in the allograft [20, 22] . This, together with the established efficacy of this regimen for prevention of allograft rejection made mycophenolate-based treatment the preferred regimen for posttransplant immunosuppression in AAV patients. Although azathioprine was superior to mycophenolate mofetil as a maintenance agent in nontransplant AAV patients in a randomized trial [33] , use of azathioprine in transplant patients is associated with higher risk of allograft rejection and skin cancers compared to mycophenolate mofetil making it a less favorable agent for posttransplant immunosuppressive therapy.
What Is the Risk of Recurrence in our Patient?
As mentioned above, with modern antirejection immunosuppressive regimens, the risk of both extrarenal disease flares and disease recurrence in the graft is low in patients with AAV. While the risk of relapse is already relatively low on dialysis, it was shown that it can be further decreased after transplantation [15] . Overall, the relapse rates described in previous studies ranged from 0.006 to 0.1 per patient per year, and there seems to be a decreasing trend in relapse rates in the most recent studies [13] . Disease recurrence in the graft is a rare cause of graft loss, but it was shown that AAV recurrence is independently associated with graft loss [25] .
There seems to be heterogeneity in the time to relapse after RTx (ranging from only 5 days to > 13 years [23] , and a mean time being 31 months [18] ), severity, and location of relapses. In the study by Marco et al. [23] , 38% of relapsing patient had renal involvement, 48% extrarenal involvement, and the remaining patients displayed signs of both renal and extra renal involvement. The type of involvement differed between PR3-and MPO-ANCAassociated disease, with extrarenal involvement (particularly of upper and/or lower respiratory tract) being more common in patients with PR3-ANCA.
It should be stressed that diagnosis of AAV flare after transplantation may be difficult as the relapses may mimic infections and other complications of immunosuppressive therapy used after RTx. Disease recurrence in the allograft should be considered in differential diagnosis of sudden worsening of renal function and needs to be confirmed by renal biopsy. It is therefore recommended that continuous vigilance in all AAV transplant recipients is required for early detection of relapses.
Posttransplant Management

Case Description -Continued
In 2014, AB stopped her prednisone abruptly and started experiencing arthralgias and presented to hospital with hemoptysis. Her laboratory data were notable for serum creatinine of 2.1 mg/dL, ESR 90, CRP 12 (normal < 0.5), urinalysis demonstrated proteinuria and hematuria and her MPO ANCA was positive at a titer of 110 units. Her tacrolimus level was undetectable confirming nonadherence to immunosuppressive medications. Chest CT revealed ground glass infiltrates bilaterally and her bronchoscopy confirmed alveolar hemorrhage. Allograft renal biopsy demonstrated pauci-immune necrotizing and crescentic glomerulonephritis. She received induction therapy with rituximab 375 mg/m 2 once a week for 4 weeks and methylprednisone 1,000 mg daily for 3 days followed by oral prednisone. She was continued on tacrolimus and mycophenolate mofetil. Her serum creatinine improved to 1.0 mg/dL by week 4 and her vasculitis was in remission by week 10. Her prednisone was tapered to 5 mg over a 5-month period. Her allograft function in 2019 remains stable with a serum creatinine of 1.1 g/dL and benign urinalysis. Her MPO-ANCA remains negative. 
How do you Monitor a Posttransplant Patient with AAV?
There are no standardized monitoring protocols that are specific for transplanted AAV patients. Posttransplant surveillance in AAV patients should focus on relapse detection in addition to monitoring for rejection, drug-induced adverse events, and opportunistic infections. Infection prophylaxis and vaccination recommendations do not differ from non-AAV transplant population, and even though infection has not been a major problem in recent series on posttransplant AAV patients, previous high doses of immunosuppression may make some AAV patients more fragile. In AAV patients, a pretransplant cyclophosphamide cumulative dose of > 36 g has been shown to increase the risk of malignancy particularly, bladder cancer and lymphoma. Postrenal transplant urine cytology monitoring of urine cytology is suggested in patients who have had exposure to high cumulative cyclophosphamide [34] . Regimens employing lower cumulative cyclophosphamide dosing are associated with 2-fold risk of increased cancer in AAV patients compared to general population with most cancers accounted by nonmelanomatous skin cancer [35] . In this context, it is important to remember that azathioprine is associated with increased risk of nonmelanomatous skin cancer and should be discontinued or switched to alternate antimetabolite. In a report from United Network for Organ Sharing registry data patients with small-vessel vasculitis after transplantation had a higher risk of developing posttransplant solid organ malignancies (11.3 vs. 9.3%, p = 0.006) and lymphoproliferative disorder (1.3 vs. 0.8%, p = 0.026) [36] .
As in nontransplant AAV setting, vasculitis activity should be monitored every 3-6 months clinically and by measurement of serum creatinine and urinalysis. Microscopic hematuria can be an early indicator of vasculitis relapse before a rise in serum creatinine becomes evident, and it is prudent to examine the urine for dysmorphic red blood cells and red blood cell casts and check inflammatory markers and ANCA in patients with new onset hematuria. The utility of serial ANCA measurements in transplanted AAV patients has not been studied. It is reasonable to extrapolate that similar to the nontransplant setting, persistent positivity for ANCA or rise in ANCA titer are not reliable predictors of relapse, but these patients require vigilance for relapse, and special attention needs to be paid to patients with ANCA conversion from negative to positive.
How to Treat Posttranplant Disease Relapse?
Treatment of AAV relapse posttransplant is similar to the nontransplant setting [37] . Nonsevere relapses are often treated with increase in glucocorticoid dosing. For treatment of severe relapses, both cyclophosphamide and rituximab [18, 38] are effective for remission induction. Even though the experience with rituximab has been gained in the last decade only, it has been increasingly used. Sagmeister et al. [39] recently described a case of de novo ANCA-AAV after RTx performed for ESRD due to polycystic kidney disease, who was also successfully treated with rituximab (and plasma exchange). There are no studies addressing the comparative effectiveness of cyclophosphamide and rituximab for treatment of recurrent disease. Similar to nontransplant setting, rituximab may be preferred for remission induction in AAV patients who are in reproductive age group, those with history of malignancy and history of relapsing vasculitis and higher cumulative cyclophosphamide exposure prior to transplant. When cyclophosphamide is used for remission induction, we would recommend stopping mycophenolate mofetil and resuming once remission is achieved. When using rituximab for remission induction, our practice is to mycophenolate is continued with monitoring of blood count. In conclusion, the choice of induction therapy should be individualized based on patient age, disease severity, prior exposure to cyclophosphamide, and ANCA type. 
Conclusions
RTx should be the preferred treatment in patients with AAV and ESRD. Posttransplant outcomes in AAV are at least as good as in other causes of ESRD. The rates of wait list are lower in AAV patients compared to other glomerular disease and efforts should focus on identifying factors that cause delay in wait listing. Prior to transplantation, patients should be in stable clinical remission for ≥12 months but ANCA negativity is not required. The risk of recurrence is low with modern immunosuppression. Posttransplant major vasculitis relapses may be treated with either cyclophosphamide or (increasingly used) rituximab.
